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Abstract – The intention of this project is to define a new way of distributing liquor. The project 
will consist of a device which will measure and track liquor being poured and associate it with a 
person, either a bartender or a bar patron. The challenges will be controlling the flow of liquor 
and recording it in an extremely accurate manner as well as processing data quickly so that a 
pour can be initiated very soon after a person is identified. The liquor dispenser will open up the 
possibility of a person being able to dispense their own liquor in a controlled manner, by tying 
them to an account that must be funded, and identifying them using a smartphone. Important 
statistical information collected will be shown to the bar manager via a mobile app. 
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Problem	  Statement	  
Need	  
Currently, on weekends, bars can be very busy, which can lead to stress for the consumer, as 
well as for the bartender. The main objective of this project is to engineer an easier way for 
customers at a bar to receive their drinks at a more efficient pace. Having a more automated way 
of making drinks would allow the bartender to make more drinks in less time; this would also 
lead to satisfied customers and more profitability. Another major concern for bars is keeping 
track of inventory and ensuring that theft is kept to a minimum. The automated bar dispenser 
would measure pour sizes and record these to a database, which could be compared against the 
sales database to track losses. In addition, to further alleviate load, the system will expand to 
self-serve customers without the need of a bartender. [S.I] 
Objective	  
A single board computer will be used as the central database, processing unit, and 
communication hub. The drinks will be created by an automated liquor dispenser using precise 
measurements to pour a standard serving size of one shot, which is 1.25 oz. In order to simplify 
usage of the system as much as possible, an NFC tag bracelet will give the dispenser the ability 
to determine which user is trying to pour a drink. If the system determines the user is eligible to 
pour a drink, the pour will be authorized. In order to achieve efficiency and usefulness, the time 
between the system detecting the user’s tag and starting to pour must be very short. If the system 
is able to handle the most popular liquors, it will take a significant burden off the bar staff and 
increase profits for the bar, and if the self-serve system is utilized, it will decrease labor costs as 
well. In order to open up the possibility of a person pouring their own drinks, whether in a bar 
environment or a personal environment (ex: private parties), the system will also have a 
mechanism to identify a person who is not a bartender. This mechanism could use any number of 
identification systems, including the NFC system used for bartenders, smartphone-based 
authentication involving a QR code, or biometrics. [D.K] [S.I]  
As the drink is being poured, the dispenser should give feedback to the user as to how much 
liquor has been poured. This will allow the bartender using the machine to more accurately pour, 
especially when they are pouring only a portion of a shot. Also, the control system should not 
allow more than one full shot to be poured at once. If a bartender needs to pour more than one 
shot, they will need to release the lever and pull it again. However, during this process, the 
bartender should not have to re-identify themselves via NFC or any other means. If a non-
bartender is using the machine, it will simply cut off after 1 shot, with the only way of getting 
another drink being to re-identify. As another form of feedback, the database will store 
information about pours, including when they occurred, who poured the shot, and what type of 
liquor it was. This information will be shown to the bar manager via a user-friendly interface 
through a mobile app. [K.P] [S.I] 
Background	  
The key to any successful business is to maximize profits and eliminate as much overhead as 
possible. In the case of a bar, this means keeping track of liquor sales, minimizing over pours, 
and encouraging the integrity of the bartenders. Preventing theft is also a major concern. 
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Currently, many bars use pourers with automatic stoppers, which limits the size of a standard 
pour. However, this alone does not ensure consistency and accurate tracking of sales. Some 
businesses choose to hire a company to audit their liquor sales by measuring the amount poured 
compared to what was actually sold [1]. This can encourage better consistency to the bartenders, 
but also adds to the recurring costs of running the business. An automated measurement system, 
which produces reports and allows easy configuration by bar staff would solve many of these 
problems [2]. The system would measure the amount poured and cut off after reaching the 
standard pour size. Bartenders would be assigned an NFC tag, which would track how much 
liquor each bartender is pouring. A smartphone app would be used by the bar 
owner/management to view data and to configure the system for newly hired bartenders and add 
different types of liquor. [S.I] [K.P] [C.T] 
In a bar, serving people efficiently and making customers happy is the key to a successful, 
smooth night of business. It can get busy on weekends, which leads to many customers waiting 
impatiently to get served. Even experienced bartenders cannot keep up with the rapid pace of the 
night. Having a self-serve liquor dispenser would alleviate the pressure on the bartenders and 
decrease the waiting time to get a drink. This new system would even draw attention to the bar 
for being cutting edge, especially from the tech savvy younger generation. To implement this 
system, patrons could obtain an NFC tag/bracelet, load it with money at a kiosk or with their 
smartphone, and scan it at the dispenser. This would validate their funds before allowing the 
liquor to be supplied. [K.P]  
In order for the dispenser to validate a user, the dispensing device will need to be computer 
controlled and able to access a central database over a network [3]. The bar will need to initially 
supply NFC “tags” to users. The patron will obtain a tag and then use a kiosk consisting of an 
iPad and NFC reader/writer to provision the tag for first use. This will add the tag to the 
database, associate it with a patron by name, and allow them to make an initial deposit to the tag. 
If the patron then wishes to add more funds, they will be able to do so through a smartphone app. 
NFC security will also be investigated, as the tag may need to contain personal information, 
depending on the final implementation [4]. [K.P] 
The mobile applications to add funds, provision NFC tags, and view sales data will all need to 
connect to the server in order to access the database and perform operations on it. The database 
of interest will be a MySQL database. It is a popular open source database that uses a simple 
relational database management system. SQL is the programming language used to extract, 
obtain, and modify the data [5]. The database will include everything the owner wants to know 
about their liquor dispensing systems. It houses all the information, such as the name of the 
bartender, what liquor bottle they poured, at what date and time, and how many ounces were 
dispensed. With the patron feature enabled, the database would also include the full name of the 
customer, the possibility of their email, the amount of funds they currently have on their NFC 
bracelet, and the date and time they redeemed their drink and how much. MySQL will allow us 
to store and retrieve data efficiently as possible. [S.I] 
Communication between devices is extremely important to understand. For example there will 
need to be a way for the Raspberry Pi to communicate with the user smartphone app. A protocol 
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used to implement access to data over an IP connection, such as the one that will exist between 
the Raspberry Pi and the user’s phone, is called REST, representational state transfer. REST is a 
very simple and popular web service [6]. It is designed to use HTTP, a stateless communication 
protocol. Data objects, network addresses, URLs, and JPEG images are all examples of data 
accessed through HTTP. Overall, the architectural style of REST allows clients and servers to 
exchange resources by using a standard interface. [C.T] 
In order to provide a pleasing user experience, it must be very easy for the bar owner or 
managers to be able to administer the system. Some common functionalities will be adding new 
liquors, changing the prices of liquors, determining popularity in order to better stock the bar, 
and determining waste. An intuitive user interface will be provided through a mobile application, 
which will allow them to see statistics up to real-time. It should be possible to display the data in 
an easy to decipher format such as graphs and charts [1]. [D.K] [C.T]  
Accurately tracking how much liquid is being dispensed will be the primary goal of this project, 
especially given the small volumes of liquid, between 1.25 and 1.5 oz., which will be dealt with. 
The product will contain a number of separate dispensers which will be used for dispensing 
different kinds of liquors, and each will need an apparatus to both control and measure the 
amount of fluid being dispensed. A microcontroller will monitor the amount being dispensed, 
and when it reaches the defined amount, will shut off flow. This combination has been done 
before, using a butterfly valve that also allows measurement of fluid flow [7]. [D.K] 
Marketing	  Requirements	  
Every week, in bars everywhere, bartenders pour shots without knowing if they poured the 
correct amount of liquor within the shot glass. As a result this will lead to a loss in profits for bar 
owners and potential legal issues. The objective for the hardware is to help reduce the error per 
shot and record information about the sales. This information will help satisfy customers with 
consistent drinks, and will help a bar manager find where waste is occurring and reduce it 
through careful tracking of liquor. Some typical values for an average bar are shown in Table	  2. 
This table highlights the accuracy of the system, for which a target of 4% has been set, allowing 
for some error beyond that of the theoretical calculations. [S.I] 
Table	  1:	  Marketing	  Requirements	  
Marketing Requirements [S.I] [C.T] [D.K] [K.P] 
1 Consistent pour size 
2 Fast scan to pour time 
3 Nice user interface for owner to extract statistics/reports 
4 Easy to maintain the system 
5 Customizable looks/appealing 
6 Easy to add funds for self-serve bar 
7 System must be secure 
8 Reliability & Durability 
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The appearance of the Automated Beverage Dispenser will be appealing to customers by making 
the bar look more modern. Because of this and the ease of use for customers, sales will increase 
and attract attention. The Dispenser will also be appealing to the bar manager because the mobile 
app will layout data in a manageable way, where the manager can clearly interpret their sales. 
[C.T] 
In order to be a success, the Beverage Dispenser will need to have not only a consistent pour 
size, but must not get in the way of a bar’s daily operations. The system should not add to the 
complexity of serving a drink. The first need to satisfy this requirement is that the time from 
when a bartender scans their identification tag to the time a drink is ready to be dispensed must 
be short. This will allow the system to get out of the way, and the bartenders will not mind using 
it. The dispenser must be reliable so it can be used every night, and it must be easy to maintain. 
Easy maintenance includes loading new bottles into the system as well as routine tasks like 
cleaning. [K.P] 
Table	  2:	  Typical	  Bar	  Sales	  and	  Associated	  Losses	  -­‐	  One	  week	  [8]	  
Method Sold(oz) Used(oz) % Over/Short Over/Short(oz) Loss at wholesale Loss at retail 
Human 
Error 
2500 3000 -16.70% -500 ($250.00) ($1,200.00) 
Worst Case 
w/ System 
2500 2543.25 -1.73% -43.25 ($21.63) ($103.80) 
Best Case 
w/ System 
2500 2529.75 -1.19% -29.75 ($14.88) ($71.40) 
Target 
Accuracy 
2500 2600 -4.00% -100 ($50.00) ($240.00) 
[S.I] 
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Objective	  Tree	  
	  
Figure	  1:	  Objective	  Tree	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Design	  Requirements	  Specification	  
The following design specifications will be followed in order to build a drink dispensing system 
that will satisfy the needs of the customer, which in this case is a bar that desires to track liquor 
and decrease waste. [S.I] [K.P] [D.K] [C.T] 
Marketing Requirement Engineering Requirement 
8 The machine must be able to accommodate a standard 
size liquor bottle, of a size described in Table	  3 
7,8 The machine must secure liquor bottles from 
unauthorized access 
2 The machine must pour a shot with 96% accuracy 
2,8 The machine must pour a shot in between 3-4.5 seconds 
1,2 The machine must record data about liquor being poured, 
including how much was poured, what type was poured, 
when the pour occurred, and who initiated the pour 
8,2 The machine must be able to serve two different roles: A 
patron mode in which a bar patron will pour their own 
drink based on the availability of funds, and a bartender 
mode which is less restrictive and will be used to track 
liquor poured and sold by bartenders 
6 The machine must be able to identify users accurately, 
and with minimal user interaction 
8,4 The machine must give continuous visual feedback to the 
user while operating. This feedback should indicate how 
much liquor the user has poured 
8 The machine must provide a mechanism by which a 
bartender can exchange the liquor bottle in the dispenser. 
The machine must be able to recognize what type of liquor 
is being loaded and who loaded it 
8,3 The software associated with the machine must provide a 
user-friendly way for a bar manager to add different 
liquor bottles which can be dispensed and tracked by the 
machine. This software must also provide a method for 
the bar manager to update prices and other simple 
configuration such as standard shot size. 
3,5 The software associated with the machine must provide a 
user-friendly way of remotely viewing sales statistics 
collected by the machine. 
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Accepted	  Technical	  Design	  
Overall	  System	  Design	  and	  Operation	  
The Automated Beverage Dispenser will have 2 modes of operation, bartender mode and patron 
mode. Patron mode will ask the customers to add funds to the system so they can buy drinks 
through the bar patron app. Each drink that is poured will be exactly one shot. Bar mode is less 
restrictive and will allow the bartender to pour one shot or less than one shot in case they need to 
make specialty shots with multiple types of liquor. An additional app for the bar manager will be 
made to track the pouring and sales. The bar manager can input into the app the sales data of how 
much was sold from their POS (Point of Sale) system. These numbers would then be compared 
to what the dispenser system actually poured. [S.I] 
The physical system will have 3 levers that are digitally controlled, one for each bottle. The 
levers have a draft beer style faucet, which makes it look appealing. The liquor will dispense 
from the bottom of the system instead of right below the levers. The reason this was chosen is 
because it will simplify the tubing/wiring and setup for the internal system. At the front and 
center of the system is where the 2.8” LCD screen will be mounted. For patron mode, the display 
screen will greet the customer and show what they just bought. For bartender mode, the screen 
will walk the user through when a bottle needs to be loaded. On the left side is where the load 
button will be in order to initiate a new bottle to load into the system. The bottle will then be 
scanned using a barcode scanner, which is right below the load button. The scanner will identify 
the bottle. [S.I] 
The legs, which will be the base for the dispenser, are approximately 2 in. long, 2 in. wide, and 
12 in. high. The overall length of the system is about 24 in. long, 18 in. wide, and 24 in. high 
including the legs. On the top of the system will be a long black rectangular shaped plastic 
holder, as shown in figure 4. This piece will be responsible for holding the liquor bottles in place 
while they are upside down.  The legs will be made out of wood, and the unit will be made out of 
wood, plastic, and metal. [S.I] 
Table	  3:	  Standard	  Bottle	  Neck	  Diameters	  
Standard Bottle Opening Size [S.I] 
Inner Diameter 1.83cm 
Outer Diameter 2.67cm 
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Block	  Diagram	  and	  FR	  Tables	  
	  
	  
Figure	  2:	  Level	  0	  Block	  Diagram	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Figure	  3:	  Combined	  Block	  Diagram	  -­‐	  Relationship	  between	  Hardware	  and	  Software	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Table	  4:	  FR	  Table	  -­‐	  Level	  0	  -­‐	  Software	  
Module Automated Bar Dispenser Software [S.I] [K.P] 
[C.T] 
Inputs 1. Input from user’s smartphone such as 
configuration data, adding funds, etc. 
2. Button/Lever to start dispensing 
3. NFC Tag 
4. Fluid flow 
Outputs 1. Status Indicator 
2. Data for owner 
3. Valve Control Logic: Indicate to hardware that 
dispensing is authorized and is being recorded 
Functionality • Track amount of fluids dispensed to generate 
reports for owner 
• Associate user account with physical or digital 
ID device 
• Determine ability of dispensing mechanism to 
dispense liquid 
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Table	  5:	  FR	  Table	  -­‐	  Level	  0	  -­‐	  Hardware	  
Module Automated Bar Dispenser Hardware [C.T] [D.K] 
Input 1. Valve control logic: Receives from software. 
Controls the valve 
2. Power: From wall outlet. 120V 
3. Bottles: Bottle in slot.  
4. Communications: Communications go in and out 
for communications between components (phone, 
server, etc.) 
Outputs 1. Bottle status: Tell software about fluid levels 
2. Valve output: Dispense drink 
3. Communications: Communications go in and out 
for communications between components (phone, 
server, etc.) 
Functionality • Track amount of fluids dispensed to generate 
reports for owner 
• Associate user account with physical or digital ID 
device 
• Determine ability of dispensing mechanism to 
dispense liquid 
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CAD	  drawings	  
	  
Figure	  4:	  Overall	  View	  of	  System	  
	  
Figure	  5:	  Left-­‐View	  of	  the	  System	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Figure	  6:	  Dispensing	  Hardware	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Software	  Design	  
Database	  Design	  
In the design phase of the system, it has been decided to follow a modular software design 
methodology. Effort will be taken to ensure that the relatively large amount of software is broken 
up into simple, modular components and that the architecture allows new features to be added 
later without re-designing the system from the ground up. Starting at the top level of software, a 
SQL database will be used to store information regarding configuration and data collected by the 
system. By default, the system will be self-contained, with a database running on a 
microprocessor inside the unit. However, the use of SQL as an abstraction layer will facilitate 
hosting the database on another machine, so that all information can be contained in one central 
database and accessed by the various units. This design decision will also allow all applications 
that use this database to scale up from one unit to many. The relational database system will aid 
in organization of data to allow crucial information to be extracted effectively for the bar 
manager/owner. The complete structure of the database, consisting of tables which hold data, and 
relationships which link data, is shown in the ER diagram in Figure	  7. [K.P] [S.I] 
The type of database used to store information determines the capability and reliability of the 
system. Because of its ubiquitous nature, the Open Source software community maintains 
MySQL very well, always improving it and fixing small issues. Likewise, the Linux operating 
system follows the same principles. Because of this community of support, the machine will 
employ a Linux-based single board computer onto which MySQL will be installed. The database 
will be designed to facilitate fast information retrieval by ensuring that information can be 
retrieved in a very granular fashion. This will mean splitting up different types of information 
and using the database engine’s query mechanism to combine necessary data. By using advanced 
query techniques, duplication of data can be avoided and this will keep the database size small, 
which will lessen its memory footprint and storage requirements. [S.I] 
	  
Figure	  7:	  Database	  ER	  Diagram 
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Microcontroller	  Abstraction	  Layer	  
Below the database layer will be an abstraction layer that facilitates faster, easier communication 
between the microcontroller and the database. This layer will be responsible for receiving simple 
requests from the microcontroller via serial, querying the database for required information, and 
responding to the microcontroller with a simple response that can be interpreted quickly. This 
software layer will also be responsible for controlling user interface components of the system, 
specifically an LCD screen that will give feedback to the user. At the bottom layer will be the 
control system code, running on a dedicated microcontroller. Designing the system for 
modularity will also allow different configurations to be used, specifically in the number of 
bottles each system can handle. [S.I] 
The problem with using a relational database system is that the data set retrieved can be very 
large if the queries are not constructed carefully. Asking a microcontroller to manage a large 
amount of data and/or construct a complex query is just not feasible due to memory and 
processing constraints. The layer below the database, the “business logic” layer, will be written 
in a high-level programming language, specifically Python [9], and will run on the same 
microprocessor as the database system. By using this middle layer as an interconnection between 
the database and the microcontroller (MCU), the MCU does not need to formulate any requests 
for data. Instead, the business logic will determine that the microcontroller needs to do 
something based on some event occurring, such as an NFC identification tag being scanned and 
performing a query on the database to determine if that event’s information (the ID of the 
customer, if they have funds available, etc.) corresponds to a condition that requires the MCU to 
take action. Shown in Figure	  8 is pseudocode for receiving the tag ID of an NFC tag, determining 
if it is valid, and sending a command to the microcontroller based on this information. [S.I]  
	  
Figure	  8:	  Psuedocode	  for	  Reading	  NFC	  Tag	  Then	  Telling	  uC	  to	  Enable	  Valve 
NFC = Serial.open(port#) 
DB = database.open(‘connection string’) 
tagID = NFC.read() 
result = db.query(‘SELECT tagID from table_name 
where tagID=’+tagID) 
if isValid(result): 
 sendMsg(valveEnable) 
while (data = uC.read): 
 db.insert(data) 
 
Def SendMsg(message): 
 uC = SPI.open(port#) 
 uC.write(message) 
 result = uC.read() 
 uC.close() 
 if result == fail: 
  return False 
 else: 
  return True 
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Using an interrupt mechanism on the MCU, the business logic will send it a message stating 
what it needs to do, like enabling the valve, but will not send along any irrelevant information 
like the person doing the pouring. The MCU will also be able to send messages to the business 
logic layer, which will allow the business logic to write information to the database that the 
MCU has collected, such as the amount of liquor that has been poured. This is also shown in the 
pseudocode in Figure	  8. [C.T] 
In addition to handling communication between the MCU and database, the business logic layer 
will be responsible for controlling the user interface of the machine. This user interface will 
consist of an LCD screen, which will allow for a great deal of customizability when it comes to 
appearance. The LCD screen is also able to show different kinds of information, such as 
instructions to the user on how to operate the machine as well as the primary use of displaying 
the amount of liquor dispensed for the bartender mode. Again, the memory requirements for this 
type of user interface are too great for a small MCU, and therefore, this part must be controlled 
by a more capable processor. [K.P] 
Control	  System	  
The control system will operate principally on time-based events while maintaining close 
relations with the volume of fluid in the entire system.  Due to a restricted fluid flow, the main 
control system variable is the time it takes for the fluid to flow through the dispensing hardware.  
As a way of correcting any error in the calculated flow, a sensor will be present in the design to 
provide consistent measurements that will be used as input data for the control algorithm.  The 
algorithm will calculate fluid volumes based on the amount of time that has passed since the 
valve was opened and the characteristics of the flow restrictor and use the sensor data both as a 
comparative element and additional measurement source. In this system, the fluid flow sensor 
forms a feedback branch, making it a closed-loop control system. The algorithm will be used in 
the customer mode of operation to calculate a necessary valve closing time in order to ensure that 
the correct amount of liquid has been poured with the degree of accuracy that the system is 
targeted to achieve.  The bartender and customer modes of operation can be changed at any time, 
from one pour to the next.  The overview of the control system can be seen in Table	  17.  [C.T] 
In customer mode, as depicted in Figure	  10 and Figure	  11, the control system will begin in a state 
waiting for an interrupt from the business logic layer with information about which lever to 
enable to begin a pour.  When the customer pulls the lever, the program will open the valve and 
begin dispensing liquid and concurrently disable the lever for any further use.  Once the valve is 
opened, the algorithm will run its calculations and pull data from the sensor.  Periodically, the 
amount of liquid that has been dispensed will be checked against the cutoff volume needed and 
when the volumes are not equal, the most up-to-date information will be sent to the business 
logic to provide to the customer.  The protocol for this communication can be found in Table	  6.  
When the cutoff and current value of the dispensed liquid are equal, within an acceptable margin, 
the valve will be closed and the final pour data sent to the business logic to be recorded.  [C.T] 
In the bartender mode of operation, which the flow chart is shown for in Figure	  9 and Figure	  11, 
the control system will follow a more rigid process since the bartenders are not always pouring a 
full shot.  The system will respond to the pulling of a lever and open and close the valve 
Page	  20	  of	  53	  	  
	  
appropriately.  Any amount that a bartender chooses to pour that is less than a full shot will be 
controlled by releasing the lever.  As designed, the system will only pour up to a single shot at a 
time and the bartender will be required to release and then pull the lever again in order to 
dispense additional fluid. The bartender will not, however, need to re-scan in order to pour 
another shot. The system will provide feedback as before so that the bartender can keep track of 
what they are pouring. [C.T] 
 
	  
Figure	  9:	  Control	  System	  Flowchart	  –	  Bartender	  Mode	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Figure	  10:	  Control	  System	  Flowchart	  -­‐	  Customer	  Mode	  
	  
Figure	  11:	  Control	  System	  Flowchart	  (Sub-­‐Process)	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Table	  6:	  Communication	  Protocol	  for	  Microcontroller	  &	  Microprocessor	  Communications	  
Command – 1 byte  Data – (8, -6) format 
Command 
Type 
Lever 
Number 
Command Information  
0x00 ALL Disable all levers XX.XXXXXX 
0x0X X Enable Lever X to pour in 
Bartender Mode 
XX.XXXXXX 
0x0F ALL Enable All Levers XX.XXXXXX 
0x1X X Enable Lever X to pour in 
Customer Mode 
XX.XXXXXX 
0x2X X Lever X pour data during 
Bartender pour 
XX.XXXXXX 
0x3X X Lever X final Bartender 
pour data 
XX.XXXXXX 
0x4X X Lever X pour data during 
Customer pour 
XX.XXXXXX 
0x5X X Lever X final Customer 
pour data 
XX.XXXXXX 
	  
User	  Interface	  and	  Mobile	  Applications	  
Another component of the user interface of the machine will not be physically located on the 
machine, but will be running remotely, on a device being used by the bar manager. The design of 
this application can be seen in Figure 13. The application running on this device must be able to 
access information that the system has collected so that it can be put into an easy-to-understand 
format for the bar manager. Here, the remote application will perform the UI work such as 
displaying graphs, charts, etc. but there must be a connection to the machine’s database. For the 
mobile application, Apple’s iOS platform and Swift programming language will be used. In 
addition to the bar manager app, a customer-facing application, shown in Figure 14 will be 
developed to allow bar patrons to add funds to their account, see advertised specials, and give 
them the ability to initiate a pour through an app-based authentication mechanism. For this, QR 
code technology will be utilized, due to its nature of being platform-, and device-independent. 
The process by which a QR code will be used to purchase drinks is shown in Figure 12. [K.P]  
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Figure	  12:	  QR	  Code	  Authentication	  Mechanism 
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Figure	  13:	  User	  Interface	  for	  Bar	  Manager	  App	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Figure	  14:	  User	  Interface	  for	  Bar	  Patron	  App	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For the connection to the mobile apps, a different business logic layer will be used, in the form of 
a web service. This web service will allow the remote application to request data, perform the 
required database queries and calculations, and return the data to the remote application. This 
web service will be written using the Django framework [10], which uses Python as the code-
behind language. This framework was chosen for its great extensibility, allowing multiple open-
source modules to be used easily, and also for custom modules to be created if needed. Django is 
well supported by the Apache web server, which will be used to host the web service on the 
microprocessor inside the machine. The web service will use the REST protocol, which is built 
on top of HTTP and uses a URL as a way of calling functions. Two types of REST functions will 
be used: GET and POST. A GET request is used to retrieve data, by passing parameters as seen 
in Figure	  15. A POST request, on the other hand, is used to write data; this works by passing the 
information in the HTTP header itself, to illustrate this, the URL is shown in Figure	  15 and the 
header is shown in Figure	  16. [S.I] 
	  
Figure	  15:	  Example	  REST	  Service	  URLs 
	  
Figure	  16:	  POST	  Header	  
Page	  27	  of	  53	  	  
	  
Software	  Block	  Diagrams	  
	  
Figure	  17:	  Software	  Level	  1	  Block	  Diagram	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Figure	  18:	  Software	  Level	  2	  Block	  Diagram	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Figure	  19:	  Software	  Level	  3	  Block	  Diagram	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Software	  Flowcharts	  and	  Sequencing	  Diagrams	  
Figure 20 shows the process of what happens when data is requested from the bar manager app. 
First, the bar manager opens the app, which triggers a web service request. The query is 
generated by the microprocessor and executed in the database. The results are sent back to the 
microprocessor for formatting. After the data is formatted, it is sent to the phone to neatly display 
the results for the user. [K.P] [S.I] 
	  
Figure	  20:	  Sequence	  Diagram	  -­‐	  Information	  Requested	  From	  Bar	  Manager	  App	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Figure	  21 shows the process of what happens when a pour is initiated by a bartender using an ID 
tag, which is an NFC chip. The NFC chip is read by the NFC reader, connected to the 
microprocessor. First, when the tag is scanned, the microprocessor confirms that tag ID is in the 
database. Once it confirms the information on the ID tag, it sends a signal to the microcontroller 
to give it permission to enable all valves. The microcontroller then waits for a lever to be pulled. 
Once one lever is pulled, it opens that valve to allow pouring and disables other levers. While the 
drink is being poured, the microcontroller is sending continuous data to the microprocessor of 
how much fluid is being poured. It then waits for the lever to be released. Once the lever is 
released, the final value that is poured is sent to the microprocessor. The microprocessor updates 
the LCD screen, the valve is closed, and the amount is recorded to the database. [K.P] [S.I] 
	  
Figure	  21:	  Sequence	  Diagram	  -­‐	  Start	  Pour	  Using	  Bartender	  ID	  Tag	  
  
Page	  32	  of	  53	  	  
	  
Figure	  22 shows the process of what happens when a customer requests a drink from the customer 
app. First, the customer opens the app and the microprocessors checks to see if the customer has 
funds available to buy drinks. If so, a QR code is generated and shown on the LCD screen. On 
the phone, a screen to allow a QR code to be scanned appears. The QR code is scanned and sent 
to the microprocessor via the web service to be checked against the earlier generated QR code, 
which was stored in the database. If the code matches, the microprocessor tells the 
microcontroller to enable the lever for the drink which the user has selected from the app. A 
visual feedback is given to the user that the system is ready to pour by flashing LED lights. The 
user starts the pour by pulling the lever. Data is sent as the pour occurs, allowing the user to see 
how much has been poured on the LCD screen. The final amount is then recorded to the database 
after the pour is complete. Lastly, the price of the drink is debited from their account. This step is 
saved for last in case something goes wrong with the pour, so the customer will not be charged. 
In the case that an error occurred, the customer will be sent a notification indicating this. [K.P] 
[S.I] 
	  
Figure	  22:	  Sequence	  Diagram	  -­‐	  Customer	  Pouring	  Drink	  From	  Smartphone	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Figure	  23:	  Bottle	  Load	  Procedure	  
	   	  
Page	  34	  of	  53	  	  
	  
Software	  FR	  Tables	  
Table	  7:	  FR	  Table	  -­‐	  Software	  -­‐	  Level	  1	  -­‐	  Database	  
Module Database [S.I] 
Input 1. Communication with Web Service 
via mysql-connector-python 
2. Communication with Business 
Logic layer via mysql-connector-
python 
Outputs 1. Communication with Web Service 
via mysql-connector-python 
2. Communication with Business 
Logic layer via mysql-connector-
python  
Functionality • Store Data 
• Make data available to Business 
Logic and Web Service layers 
	  
	  
Table	  8:	  FR	  Table	  -­‐	  Software	  -­‐	  Level	  1	  -­‐	  Business	  Logic	  
Module Business Logic [S.I] [K.P] 
Input 1. Communication with Database via mysql-connector-python 
2. Communication with microcontroller via Serial connection 
3. Load button to put the system into loading mode 
4. Barcode scanner to identify bottle being loaded 
5. NFC Tag scanner over Serial 
Outputs 1. Communication with Database via mysql-connector-python 
2. Communication with microcontroller via Serial connection 
3. LCD Screen (via Serial) to show UI 
Functionality • Coordinate communication between database and microcontroller 
• Control UI elements, being updated when microcontroller sends 
new information (pour count/size) 
• Minimize data being sent to microcontroller 
• Format data into a custom protocol that will be easy to parse by the 
microcontroller 
• Scan NFC tag 
• When load button pressed, initiate bottle loading process (and show 
UI during this) 
• Scan barcode during bottle loading process 
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Table	  9:	  FR	  Table	  -­‐	  Software	  -­‐	  Level	  1	  -­‐	  REST	  Web	  Service	  
Module REST Web Service [S.I] 
Input 1. Communication with Database via mysql-connector-python 
2. Communication with remote clients via LAN/WAN TCP/IP 
Outputs 1. Communication with Database via mysql-connector-python 
2. Communication with remote clients via LAN/WAN TCP/IP 
Functionality • Coordinate communication between database and remote clients 
• Abstract data 
	  
	  
	  
	  
	  
	  
Table	  10:	  FR	  Table	  -­‐	  Software	  -­‐	  Level	  1	  -­‐	  Bar	  Patron	  App	  
Module Bar Patron App [K.P] 
Input 1. Communication with Web Service via LAN/WAN TCP/IP and 
HTTP 
2. Camera – QR Code Scanner 
3. Smartphone controls (touch input) 
Outputs 1. Communication with Web Service via LAN/WAN TCP/IP and 
HTTP 
2. Visual feedback (phone screen) 
Functionality • Provide a way to add funds 
• View current bar specials 
• View account history/balance 
• Provide notifications for specials 
• Provide a mechanism to pay for drinks (QR code scanning) 
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Table	  11:	  FR	  Table	  -­‐	  Software	  -­‐	  Level	  1	  -­‐	  Bar	  Manager	  App	  
Module Bar Manager App [K.P] 
Input 1. Communication with Web Service via LAN/WAN TCP/IP and 
HTTP 
2. Camera – Liquor bottle barcode scanner 
3. Smartphone controls (touch input) 
4. NFC (via Bluetooth) for tag provisioning 
Outputs 1. Communication with Web Service via LAN/WAN TCP/IP and 
HTTP 
2. Visual feedback (phone screen) 
Functionality • Provide sales figures to bar manager 
• Allow adding a bottle with pricing to inventory 
• Allow configuration of system (including prices, specials, time 
constraints, etc. 
• Programming and configuration of bartender tags 
	  
	  
	  
	  
	  
	  
	  
Table	  12:	  FR	  Table	  -­‐	  Software	  -­‐	  Level	  1	  -­‐	  Control	  System	  
Module Control System [C.T] 
Input 1. Communication with business logic via serial connection 
Outputs 1. Communication with business logic via serial connection 
Functionality • Control hardware elements 
• Provide feedback to business logic 
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Table	  13:	  FR	  Table	  -­‐	  Software	  -­‐	  Level	  2	  -­‐	  Business	  Logic	  Database/MCU	  communications	  
Module Business Logic – Database/MCU communications [S.I] 
Input 1. Database communication via mysql-connector-python 
2. MCU communication via Serial 
3. NFC 
Outputs 1. Database communication via mysql-connector-python 
2. MCU communication via serial 
Functionality • Query DB for information regarding a pour 
• Tell MCU if a valid NFC tag was scanned 
• Receive data from MCU regarding pour and insert this into the 
database 
• Translate data from DB format into a custom protocol used for 
MCU communications 
	  
Table	  14:	  FR	  Table	  -­‐	  Software	  -­‐	  Level	  2	  -­‐	  Business	  Logic	  UI	  
Module Business Logic – User Interface [K.P] 
Input 1. Database communication via mysql-connector-python 
2. Barcode Scanner 
3. Load Button 
4. NFC 
5. Input from MCU 
Outputs 1. Database Communication via local TCP/IP 
2. LCD Screen 
Functionality • Receive information from MCU and display this on the UI for the 
user to see how much has been poured, etc. 
• Facilitate loading bottles using the load button, barcode scanner, 
and UI feedback 
• Show QR code on screen for bar patron to scan and buy a drink. 
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Table	  15:	  FR	  Table	  -­‐	  Software	  -­‐	  Level	  2	  -­‐	  Web	  Service	  -­‐	  HTTP	  
Module Web Service HTTP [S.I] 
Input 1. LAN/WAN, HTTP 
2. Internal (memory-based) communication 
Outputs 1. LAN/WAN, HTTP 
2. Internal (memory-based) communication 
Functionality • Wait for an HTTP request to come in 
• Direct that HTTP request to the proper handler method 
• Hander method will query data, process it, etc. 
• Return the required response 
	  
Table	  16:	  FR	  Table	  -­‐	  Software	  -­‐	  Level	  2	  -­‐	  Web	  Service	  -­‐	  Database	  
Module Web Service Database [S.I] 
Input 1. DB Connection via mysql-connector-python 
2. Internal (memory-based) communication 
Outputs 1. DB Connection via mysql-connector-python 
2. Internal (memory-based) communication 
Functionality • Set up the database query depending on necessary information 
• Send query to DB 
• When query returns, format response to be sent to client 
	  
Table	  17:	  FR	  Table	  -­‐	  Software	  -­‐	  Level	  2	  -­‐	  Control	  System	  
Module Control System [C.T] 
Input 1. Event triggered by Business Logic – Database/MCU 
communications module 
2. Lever signal 
3. Sensor data 
Outputs 1. Lever status signals 
2. Valve control signals 
3. Communication with Business Logic – Database/MCU 
communications module 
Functionality • Enable/disable lever 
• Receive signals from lever 
• Receive data from sensor 
• Calculate liquid volumes and valve closing times 
• Create control signals for valve 
• Communicate to Business Logic that a pour is complete 
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Hardware	  Design	  
Hardware	  Design	  Methodology	  
The system’s hardware will maintain a design philosophy that promotes system speed and 
simplicity.  The simplest breakdown is that the hardware is comprised of near field 
communication (NFC), general purpose computational hardware, a custom interconnect (PCB), 
and dispensing and user interface (UI) hardware.  Each portion of the hardware has separate 
responsibilities. [C.T] 
The NFC hardware is an Adafruit PN532 NFC/RFID controller breakout board.  The need for the 
chip is to identify a bartender through their bracelet, badge, etc. and kick off a software process 
to dispense a drink. By ascertaining in advance the individual who is about to use the system,  
background tasks such as enabling the lever can be executed prior to the user being ready to use 
the system and, therefore, allow users to do exactly what they want to more quickly and 
efficiently.  More exact functionality details can be found in Table	  24. [C.T.] 
A Raspberry Pi Model B+ has been chosen as the housing for the general purpose computations, 
which will run on a BCM2835 microprocessor.  The microprocessor will be responsible for 
controlling most of the user interface components.  The memory necessary to operate the LCD 
screen and the barcode scanner alone is easily greater than what a microcontroller contains.  
Additionally, the processes that the UI inputs kick off are computationally involved and require 
communication with non-hardware components and a microprocessor is extremely well suited to 
carry out such actions.  As the system will be optimized for speed, control has been distributed in 
such a way that the microprocessor is the best hardware choice to control the UI elements that 
are detailed later. [C.T.] 
Another part of the hardware design is the PCB design. The PCB will be custom made for this 
project due to the methodology of modularity and minimization. This will help fulfill the 
requirements of this particular project without using an excessive amount of hardware. The PCB 
will contain a single MCU for the prototype unit, but will be able to be expanded if more 
dispensing stations are desired. The PCB will interface with a Raspberry Pi Model B+ by 
plugging into its header pins via a “hat”. The sensors, micro-controller, and other components 
will plug into the PCB as well. The PCB will be used to layout the connections between the 
microcontroller, Raspberry Pi, sensors, screens, valves, and other components.  [D.K] 
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Figure	  24:	  ATTiny4313	  Pins,	  With	  Connections	  to	  Raspberry	  Pi 
	  
Figure	  25:	  Raspberry	  Pi	  Model	  B+	  Header	  Connections	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Figure	  26:	  High-­‐Level	  Wiring	  Diagram	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Table	  18:	  Pin-­‐Out	  Mapping	  for	  Raspberry	  Pi	  B+	  
Pin Name Connection Receiving Device/Pin 
GPIO_10 To Microcontroller Microcontroller/PB5 
GPIO_9 From Microcontroller Microcontroller/PB6 
GPIO_11 To Microcontroller Microcontroller/PB7 
GPIO_5 To Screen Screen 
GPIO_6 To Screen Screen 
GND_25 GND for Screen Screen 
3V3_1 3.3V for Screen Screen 
GEN_0 To NFC NFC 
GEN_2 From NFC NFC 
3V3_17 3.3V for NFC NFC 
GND_9 GND for NFC NFC 
 
 
Table	  19:	  Pin-­‐Out	  Mapping	  for	  ATtiny4313	  
Pin Name Connection Receiving Device/Pin 
PD3 From Sensor 1 N/A 
PD4 From Sensor 2 N/A 
PD5 From Sensor 3 N/A 
PB1 To Valve 1 N/A 
PB0 To Valve 2 N/A 
PD6 To Valve 3 N/A 
PB2 From Lever 1 N/A 
PB3 From Lever 2 N/A 
PB4 From Lever 3 N/A 
GND From Microprocessor N/A 
5V From Microprocessor N/A 
PB5 To Microprocessor Microprocessor/GPIO_10 
PB6 From Microprocessor Microprocessor/GPIO_9 
PB7 From Microprocessor Microprocessor/GPIO_11 
PD0 N/A N/A 
PD1 N/A N/A 
PD2 N/A N/A 
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Table	  20:	  Power	  Requirements	  
Component Voltage (V) Current (mA) Power (W) 
Raspberry Pi B+ 5V 735mA 3.675W 
ATtiny4313 3.3V 10mA 0.033W 
Valve 110V AC 254mA 28W 
Sensor 3.3V 8mA 0.0264W 
Barcode Scanner 5V 100mA 0.5W 
LCD Screen 3.3V N/A N/A 
NFC Chip 3.3V 80mA 0.264W 
Total Power    32.4984W 
 
 
The chosen microcontroller is an ATtiny4313. This controller has 18 programmable I/O pins that 
will allow all necessary devices to connect to the microcontroller. One pin is needed to connect 
to each sensor, lever, and valve and two pins will be needed for a serial connection to the 
microprocessor. Aside from enabling and disabling the lever for operation of the machine, every 
device that the microcontroller will operate is internal to the machine. The speed with which the 
fluid flow must be measured and controlled is so fast that use of a microcontroller to operate the 
dispensing system is paramount. Neither the sensor nor the valve will receive any external inputs 
and, therefore, these devices only need to be connected to the microcontroller and these 
connections will simply extend the capability of the system to operate very quickly and 
efficiently. An advanced control algorithm will be utilized to ensure that nothing associated with 
the dispensing hardware will be bogged down and that the microcontroller can remain 
exclusively devoted to control of the dispensing devices. [11]  The total view of the 
microcontroller operation is depicted in Table	  27. [C.T] 
The dispensing hardware further decomposes into bottle, flow restrictor, valve, sensor and lever.  
The layout of the dispensing hardware is shown in Figure	  6. To reduce the complexity and cost of 
the power supply, it has been chosen to use a valve which operates on 120V AC current. Because 
of this, a relay will be needed so that the microcontroller can switch the AC power on and off to 
operate the valve. [D.K] 
In order to achieve a low error rate, the automated beverage dispenser must use the appropriate 
hardware. The flow rate sensor (FS100A) is an ideal tool because it fits the specifications of the 
project. This flow sensor can operate with a flow rate of between 0.15-2.5 liters per minute. In 
order to approximate the behavior of a human pour, the dispenser will have a flow rate between 
0.49L/min and 0.74L/min. This will provide a shot in between 3 and 4.5s and help keep the line 
moving in bars without the risk of liquor splashing out of the glass. In order to operate, this 
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sensor needs a minimum of +3.3 volts to a maximum of +24 volts DC. This means that the 
microcontroller can operate the sensor directly. [D.K] 
The error of this design is less than or equal to 1.73%, when using a standard 1.25oz shot size, as 
seen in Equation	  5. In Equation	  3, it is found that 0.54% of this error is due to the control system 
not being able to close the valve at the right time, which can potentially be remedied by a more 
advanced control system. 0.5% of the error is due to the published accuracy of the flow sensor 
(Equation	   1), and 0.69% is due to the error caused by how the sensor counts fluid flow, in 
Equation	  4. The sensor uses a paddlewheel to sense the flow of liquid, which allows some to “slip 
through” between the pulses the sensor sends. In addition to using components with minimal 
error, work will be done to ensure that the flow rate is as consistent as possible. This will make 
the errors in the system much more manageable and easily correctable. To achieve this the 
principle component is one which will regulate the flow of fluid. This can be achieved with 
something as simple as a manually controlled valve, which will allow through only the amount 
of fluid to which it is set. More advanced options will be considered if necessary. [D.K] 
 𝐸!"#!$% = 0.5%	  
Equation	  1:	  Published	  Error	  of	  Sensor	  𝐸!" =   𝑇! ∙   𝑉𝑡 	  
Equation	  2:	  Finding	  Error	  due	  to	  response	  time	  𝐸!" = 0.2  s   ∙   0.6𝐿min ∙ 1  min60  sec = 0.0002L = 0.2mL	  
Equation	  3:	  Error	  due	  to	  Valve's	  Response	  Time	  (Tr)	  
𝐸! =   3900  pulsesL = 0.000256641Lpulse 	  
Equation	  4:	  Error	  due	  to	  missed	  liquid	  (Em)	  0.2mL + 0.256641mL37mL =   1.23%  𝐸!"#! + 0.5%  𝐸!!"#$% = 1.73%	  
Equation	  5:	  Total	  Error	  Calculation	  
UI elements are the LCD screen, lever, load button and barcode scanner.  The system will have 
one LCD screen in total but a load button and lever for each bottle that the system holds.  The 
only element of UI that is not controlled by the microprocessor is the lever.  Each of the other 
elements is too memory intensive to run on the microcontroller or starts a process that requires 
information that the microprocessor will provide.  The lever is the primary interactive element in 
the system as it will begin the process of dispensing a shot.  The LCD screen will simply provide 
relevant information to the user based on whether a bartender or a patron is the intended user.  
Both the load button and scanner will only be utilized by the system owners’ staff as the explicit 
function of the elements is to facilitate changing of the bottles in the system. [C.T] [K.P] 
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Hardware	  Block	  Diagrams	  
	  
Figure	  27:	  Hardware	  Level	  1	  Block	  Diagram	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Figure	  28:	  Hardware	  Level	  2	  Block	  Diagram	  
Hardware	  FR	  Tables	  
	  
Table	  21:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  1	  -­‐	  Power	  Supply	  
Module Power Supply [D.K] 
Input 1. AC Power 
Outputs 1. DC Power 
Functionality • Provide power to microcontroller 
• Provide power to NFC breakout 
• Provide power to Screens 
• Provide power to General Purpose Computational Platform (GPCP) 
• Provide power to dispensing hardware 
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Table	  22:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  1	  -­‐	  Interconnect	  
Module Interconnect (PCB) [D.K] 
Input 1. DC Power 
2. General Purpose Computational Platform communication (serial) 
3. Dispensing hardware signal 
4. Screen communication (serial) 
Outputs 1. Dispensing hardware signal 
2. General Purpose Computational Platform signal 
Functionality • Provide connection between General Purpose Computational 
Platform (GPCP) and microcontroller 
• Provide connection between microcontroller and dispensing 
hardware 
• Provide connection between UI elements and microprocessor 
• Low level duties such as level shifting, power boosting, etc.  
	  
Table	  23:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  1	  -­‐	  General	  Purpose	  Computational	  Platform	  
Module General Purpose Computational Platform (GPCP) [C.T] [K.P] 
Input 1. DC Power 
2. Microcontroller communication (serial) 
3. Dispensing hardware signals 
4. User interface communication – GPIO button 
5. User interface communication – Barcode scanner 
6. NFC chip communication (serial) 
Outputs 1. Screen communication (serial) 
2. Microcontroller communication (serial) 
Functionality • Process signals that the devices on the PCB can utilize 
• Process signals that the UI elements can utilize 
• Act as a central hub for all communications, including wireless and 
remote access 
	  
	  
Table	  24:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  1	  -­‐	  NFC	  Chip	  
Module NFC Chip [K.P] 
Input 1. DC Power 
2. NFC communications with NFC tag 
Outputs 1. GPCP communications (serial) 
Functionality • Receive signals from NFC tags in the area 
• Send the NFC tag data to the GPCP 
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Table	  25:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  1	  -­‐	  User	  Interface	  
Module User Interface [K.P] 
Input 1. DC Power 
2. GPCP communication (serial) – screens 
Outputs 1. Microcontroller signal – Lever 
2. GPCP communication (USB) – barcode scanner 
3. GPCP communication (GPIO) – load button 
4. LCD Screen – Visual feedback 
Functionality • Receive signals from Microcontroller and GPCP 
• Turn these signals into visual feedback by way of an LCD screen 
• Provide input to GPCP and microcontroller based on user 
interaction 
	  
Table	  26:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  1	  -­‐	  Dispensing	  Hardware	  
Module Dispensing Hardware [C.T] [D.K] 
Input 1. DC Power 
2. Microcontroller communications (serial) 
3. Alcohol (or other liquid) 
Outputs 1. Microcontroller communication (serial) 
2. Alcohol (or other liquid) 
Functionality • Receive signals from Microcontroller and GPCP 
• Turn these signals into visual feedback by way of an LCD screen 
• Provide input to GPCP and microcontroller based on user 
interaction 
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Table	  27:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  2	  -­‐	  Microcontroller	  
	  
	  
	  
Table	  28:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  2	  -­‐	  Load	  Button	  
	  
Table	  29:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  2	  -­‐	  Barcode	  Scanner	  
	  
Table	  30:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  2	  -­‐	  Screen	  
	  
	   	  
Module PCB Microcontroller [C.T] 
Input 1. DC Power 
2. GPCP interrupt signal 
3. Dispensing hardware feedback signal 
4. User interface signal 
Outputs 1. Dispensing hardware control signal 
2. General Purpose Computational Platform feedback signal 
3. UI control signal 
Functionality • Process GPCP interrupts and generate appropriate control signals 
• Process signals from dispensing and UI elements and respond 
appropriately  
Module UI Load Button [S.I] 
Input 1. User pushing the button 
Outputs 1. General Purpose Computational Platform feedback signal 
Functionality • Alert GPCP that a bottle is being loaded into a particular location 
on the machine  
Module UI Barcode Scanner [K.P] 
Input 1. Bottle Barcode 
Outputs 1. General Purpose Computational Platform feedback signal 
Functionality • Alert GPCP that a bottle has been scanned  
Module UI LCD Screen [K.P] 
Input 1. GPCP signal 
  
Functionality • Provide information to users  
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Table	  31:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  2	  -­‐	  Lever	  
	  
Table	  32:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  2	  –	  Flow	  Restrictor	  
	  
Table	  33:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  2	  -­‐	  Sensor	  
	  
Table	  34:	  FR	  Table	  -­‐	  Hardware	  -­‐	  Level	  2	  -­‐	  Valve	  
	  
	   	  
Module UI & Dispensing Hardware Lever [C.T] 
Input 1. PCB Microcontroller status signal 
2. User operation 
Outputs 1. PCB Microcontroller feedback signal 
Functionality • Provide user with a way to begin or to stop dispensing liquid 
• Inform PCB Microcontroller that a pour has been started or stopped  
Module Dispensing Hardware Flow Restrictor [D.K] 
Input 1. Fluid flow 
Outputs 1. Restricted fluid flow 
Functionality • To restrict fluid flow to a constant rate  
Module Dispensing Hardware Flow Sensor [D.K] [C.T] 
Input 1. Restricted fluid flow 
Outputs 1. PCB Microcontroller feedback signal 
Functionality • To sense the amount of fluid that has flowed through it 
• To generate feedback signals for the PCB Microcontroller as the 
sensor tracks fluid flow 
Module Dispensing Hardware Valve [D.K] 
Input 1. Restricted fluid flow 
2. PCB Microcontroller control signal 
Outputs 1. Liquid 
Functionality • To open or close based PCB Microcontroller control signal 
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Conclusions	  and	  Recommendations	  
Throughout the design process, it was discovered that certain preliminary components were not 
feasible in order to implement the system as it was proposed. Due to the original methodology of 
modularity, it was proposed to use a separate microcontroller for each control system, consisting 
of a lever, valve, and other components. The reason for doing this was to allow multiple pours to 
happen at the same, which would increase the system’s usefulness. It was decided that, because 
the prototype system will be relatively small, having only 3 different types of liquor to dispense, 
this is not a requirement at this phase. Eliminating this requirement allowed major reduction in 
cost by removing extra NFC transceivers and LCD screens. Since the new use case of the system 
only allows one drink to be poured at a time, a separate control system for each bottle is 
excessive. However, the previously chosen microcontroller did not have enough pins to be able 
to control 3 dispensing assemblies. This led to research on and selection of a new 
microcontroller. During the course of this research, it was also found that some of the 
microcontrollers being looked at did not contain hardware support for SPI serial 
communications. In these microcontrollers, the communications would have occurred in a 
software implementation. A suitable microcontroller was found that had plenty of programmable 
pins as well as support for hardware SPI in the ATtiny4313. [K.P] [S.I] [C.T] 
As further work is done with the Automated Beverage Dispenser, this report has helped break 
ideas down and organize thoughts in a methodical manner. Because of the way in which the 
details needed to be formulated for the report, a greater understanding of the project has been 
achieved by all members. The next step will be to turn this theoretical work into a successful 
experimental design project. Because of the software-focused nature of the project, many new 
features could be added in the future via software updates or even just configuration changes. 
One example of this is push notifications, which the bar manager could choose to enable or 
disable. Also, if this system were sold to a bar manager that requested some new feature, the 
modular design of the system would allow that feature to be added via a software update 
relatively quickly. An example of this kind of feature would be to request that bar patrons enter 
an email address so that the bar could contact them about promotions or incentives to get them to 
come back. [K.P] [S.I]	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